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(54) BRIGHT NICKEL ELECTROPLATING BATH 

(71) I, FRANCINE POPESCU, a French rational, of 32 rue E. Dolet, 
94100-Saint Maur, France, da hereby dedare the invention, for which I pray that a 
patent may be granted to me, and the method by which it is to be performed, to be 
particularly described in and by the following statement:— 
5 The invention reflates to the electrodeposition of bn&tt nickel from aqueous, 

acidic nickel electroplating baths, and to biighteners and additives to be used in sucsn 
baths 

The invention provides an aqueous, acidic nickel electroplating bath which com- 
prises a source of nickel ions and, dissolved therein, an effective amount of a bngntener 
10 of the general formula 



- 83 - k a | . r- (I) 



wherein: 



R a is selected from the group consisting of methyl, ethyl and hydroxyediyl; 
R 2 is selected from the group consisting of alkenyl, alkynyl, hydroxy-substituted 
15 alkynyl and lower alkyl-substituted alkynyl; 

R 3 is lower alkylene, lower alkoxyalkyiene, lower alkenyleiie, lower alkoxy-. 
aikenylene, hydroxy-substituted lower alkyiene, carboxy-substituted lower 
alkyiene and hydroxy- and N-methyl-substituted lower amdnoalkylenej ^ 
R* is selected from the group consisting of a sulphonic radical (— S0 8 ), a 
20 carboxy radical 



or an aliphatic carboxy-ester group 

(_C— O— R.) 

4 



25 



where R 5 is alkyl, alkenyl, alkynyl, altanryattynyi, hy^j^ox^lkynyl^- 
alkyl, or a corresponding halogen-substttuted radical, hydroxyalkyl, aj^sy- 
alkenyl, hydroxyalkynyl, haloalkyl, halohydroxyalkyl, halahydrosyalkynyl, 
hydroxyalkoxyalkynyl or dkynyloxyalkyl; and . . 

X is selected from the grow consisting of halogen and hydroxy when the poaave 
charge on the nitrogen atom is not otherwise neutralized and X is absent 
30 when said charge is neutralized by another substituent of the molecule. 

A lower radical or group should be understood to contain up to 6 carbon atoms. 
Some suitable Examples of R a are listed in Table 1. 



10 
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Examplea of Rp Table 1 



-CH-CeC 
I 

CH3 



"2 

-CH 2 -C=C-CH-CH 3 
OH 

?"> 

-C-C=CH 
I 

CH3 



I 3 

-C-C-CH 
I 



Some suitable examples of R 3 arc listed in Table 2. 

Exagpleg of 'Table 2 

-CH 2 -CH 2 - 



I 

CH3 



-CHg- 



— CH- 

-CH 2 -CH-CH 2 - -CE=CH~ 
C0 2 H 

-CHg-CH-CH^- OH CK^ 



2 I 2 
CH3 



Some suitable examples of R, are listed in Table 3 . 

Exaaplca of Bg Table 3 

-CHg-C-CH 
-CHg-CaC-CHg-OH 



I 

-CHg-CHg-O-GI^-CsCK 

-CH^Hg-Ci^-O-C^-C^C-CHg-O-CH^H-CHgCl 

CI OH 
-CHj-CHjj-C-CHj-CSC-CI^-O-CHj-CHj-OH 



V 
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The compounds of formula I may be prepared by reacting an aliphatic, un- 
saturated (olefinic or acetylinic) tertiary amine of the general formula 



f (ID 

R 2 

wherein and R 2 have the meanings given above, with a quaternizing agent which is: 
5 (a) an aliphatic, alpha-beta unsaturated carboxylic acid or an aliphatic ester 5 

thereof; 

. (b) a haloalkyl sulphonic acid or a safe, preferably an alkali metal salt, thereof; 
(c) a haloalkylamino sulphonic acid or a salt, preferably an alkali metal salt, 
thereof; 

10 (d) an alkanesultone; 10 

(e) a haloalkene sulphonic acid or a salt, preferably an alkali metal salt thereof; 

(f) an aliphatic unsaturated sulphonic acid or a sale, preferably an alkali metal 
salt thereof; 

(g) a saturated aliphatic, halogenated carboxylic acid or a salt, preferably an 

15 alkali metal salt, thereof ; \$ 

(h) on aliphatic ester of an aliphatic, halogenated carboxylic acid. 

The quatemization reaction is carried out in known manner, preferably in an 
aqueous or alcoholic medium and at a temperature in the range of from 50 to 110°C. 
Trie reaction may be catalysed, if desired, by acid or base, depending on the nature of 
20 the quatemisfing agent. Preferably equimolar proportions of the reactants are used. 20 

Table 4 lists some examples of suitable tertiary amines of the general formula II, 
Table 5 lists some examples of suitable quaternising agents, and Table 6 lists some 
examples of compounds of the general formula I which may be used as primary 
brighteners in nickel electroplating baths, along with their optimal c^Hicentration when 
25 used in such a bath. 25 

Table 4 — Unsaturated Amines (R^-N^ ) 



li) Dimethyl-vinylamlne (CH^^CT-CH = CHg 

2) Diethyl-vinylamine (C^^N-CH = CH 2 

3) Dimethyl-ally lamine (CH^ff-CH^CH = CH^ 

4) Diethanol-allylamine (HOCB^CI^ ) ^-CH^CH = CHg 

5) 1-PimethyI ami no-propyne-2 (CH^ff-CHg-C = CH 

6) l-Diethylamino-propyne-2 ,(0 2 H 5 ) 2 N-CH 2 -0 S CH 

7) l-Eiethanolamino-propyne-2 (H0CH 2 CH 2 ) gN-CB^-C £ CH 

8) 3-X>imethylamino-butyne-.l (CH^N-CHCCH^-C S CH 

9) 4-Diethylamino-2-butyne-l-ol (^I^^N-CH^C = C-CH 2 0H 

10) l-Diethylaminopentyne-2-ol-4 (CgH^N-CH^C = C-CHCOH)-^ 
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Table 5 -Quaternising Agents 


(a 


) 




1) 


Acrylic acid 


GH 2 = CH - COOH 


2) 


Methacrylic acid 


CH 2 = C(CH 5 )-COOH 


3) 


Vinylacetic acid 


CH 2 = CH-CH 2 -C00H 


4) 


Itaeonic acid 


CE 2 = CtCOO^-CHg-COOH 


5) 


Methyl acrylate 


CH 2 = CH-CO.O-CHj 


6) 


Allyl acrylate 


CH 2 = CH-C0.0-CH 2 -CH = CH 2 


7) 


Acrylate of 2-butyne-l , 4-diol 


CH 2 = CH-C0.0-CH 2 -C = C-GH 2 -OH 



CH 2 =CH-CH 2 ~CH 2 -C0. 0-CH 2 ^C ~ CH 



8) Allylacetate of 2-propyne-l-ol 

9) Itaconate of 2-hydroxyethoxy- 

-2-propyne CH 2 =C(COOH)~CH 2 -C0.0-CH 2 ^CH 2 -O-CH 2 C 5 CH 

10) ' Acrylate of l,4-di-(beta- 

hydroxyethoxy)-2-butyne CH 2 =CH-C0. 0(CH 2 ) 2 0CH 2 C^CCH 2 0(CH 2 ) 2 0H 
(b) . 

11) 2-Chloroethane sulphonic acid (Na) 

12) 3-Bromo propane eulphinic acid (Na) 
15 ) 2-Chlor o-2-hydroxypropane 

sulphonic acid (Na) 
14 ) 3-Br omo-2-methylpropane 
sulphonic acid 

(c) ~~™ 
15) N-chlorohydroxypropyl-N-methyl- 

Taurine (Na salt) ClCHgCHtOHjCH^Cfl^CH^H^OjNa 



Cl-CH 2 -CH 2 -S0 3 Na 
Br-CH 2 -CH 2 -CH 2 -S0 3 Na 

ci-oh 2 -ch( oh) -CH 2 -scyra 

Br-CH 2 -CH( CH 3 ) -CH 2 -S0 3 H 



(d) 

16) JPropansultone 

17) Butansultone 



? ~ < CH 2>5 - f °2 
0 - (CH 2 ) 4 - S Q 2 



(e) 

18) l-Chloro-2-propeaie sulphonic acid C1-CH 2 -CH = CH - SO^H 
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Table 5 (continued) 
<f) 

19) Sodium allyl Bulphonate 

20) Sodium propyne sulphonate 

_ 

21) Sodium chlorc-acetate 

22) 2-Chloro-propionic acid 

23) Sodium 3-chloro-propionate 
_ 

24) Ethyl chloroacetate Cl-C^-CO.O-CI^-CHj 

25) Allyl 3-chloro-propionate C1-CH 2 -CH 2 -C0.0-CH 2 -CH = CH 2 

26) Chloro-acetate of 2-methyl- 

3-butyne-2-ol C1-CH 2 -C0 . 0-C ( CH^ ) 2 -C = CH 

27) 3— Chloro-propionate of 

1 r 4di- (beta-hydroxy-gamma-chloro 

propoxy ) -2-butyne C1CH 2 CH 2 C0 . 0CH( CH 2 C1 ) C^OC^C^CC^OC^ 

C1-H 2 C-CH-0H 

28) Alpha-chloro-acrylate of 







Cl-CH = CH-C0.0-CH 2 -CH 2 -C = CH 




Table 6 - Brighteners of Formula (I) 


1) 


Compound of formula (I) 
CH 3 

H 2 C = CH — N + — CH 2 -CH 2 -C-0~ 
CHj "~ 0 


Optimal concentration 
in the nickel bath (ff/l) 

0.05 - 0.5 


2) 




0.05 - 0.6 


5) 


HjC ^Hj 0 


. OH" 0,05 - 0.4 



CH 2 = CH — CH 2 - SOjNa 
CH = C - CH 2 - S0 3 Na 



C1-CH 2 -C0.0 Na 

CJ^-CHCCl^COOH 

Cl-CH 2 -CH 2 -COONa 
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Table* 6 (continued) 



fCHj -I 
OfeC-CH^M* - CH 2 -CH 2 -C-0-GH 2 -CS0-CH 2 -0H . 
" CH, " 0 J 



OH" 0.05 - 1.0 



f CH 2 -CH 3 0 
5) |h 2 C=CH-CH 2 -K+ - CH 2 -CH-G-0-GH 2 -C^CH 


•Cl~ 0.05 - 0.4 


6) HCSC-CH 2 -A+ - CH 2 -CH 2 -C-0-CH 2 -CH 2 -O-CH 2 -C=CH 
L <5H 3 0 _ 


. OH" 0.05 - 0.3 



7) 



ft 



HC33-CH 2 -N+ - CH 2 -CH 2 -SO - 



0.05 - 1.0 



8) HCSC-CH 2 -H+ - CE 2 -CH-CH 2 -S0 3 ~ 0.05-1.5 



CH 5 OH 



CH^CHj 

9) CHj-CH-CSC-CHg-lT 1 - - CH^CH-CI^-SO^ 0.05 -1.5 

CHg-CHj OH 



10) 




CH 2 -CH-CH 2 -2T^CH 2 -CH 2 -S0 3 - 
OH CHj 


0.5 - 1.3 


11) 


HO-CH 2 -C=C-CH 2 


-N + - CH 2 -CH 2 -CH 2 -S0 5 ~ 
CH 3 


0.05 - 1.2* 
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Table* 6 ( continued ) 



CH o -CH o -0H 
I 2 2 



12) HC=C-CH-N + - CH 2 =CH-CH 2 -S0 3 " 0.08-0.8 



I f 




14) 



HC^C-CfL,~N + - CH 
CH 2 -CH 5 



If 22 



.OH~ 



0.07 - 0.9 



10 



The electroplating bath of the invention produces a ductile, smooth and very 
bright deposit of nickel, over a wide range of current densities. The primary brighten- 
ing agent of the general formula I is preferably present in the bath in a concentration 
of from 0.01 to 3.0 g/1 of bath, more preferably from 0.05 to 1.5 g/L 5 

The electroplating bath of the present invention may also contain secondary 
brighteners or "brightener carriers" as known in the art. These are aliphatic or 
aromatic sulphonated compounds, for example o-benzoylsulphdmidey aryi sulphonates, 
aryl sulfonamides and unsaturated aliphatic sulphonic acids. Preferably the total 
concentration of the one or more secondary brighteners present is in the range of from 10 
1.0 to 10.0 g/1. Table 7 lists some examples of secondary brighteners which may be 
used in a bam of the present invention. Other sulphonated compounds, in the form of 
free acids, alkali metal or nickel salts, may be used as secondary brighteners, for 
example, those described in French Patent No. 1,096,351, Table 3. 



TABLE 7 - Secondary Brighteners 



1) 


o-Benzoylsulphi mi de 


C 6 H 4 C0NHS0 2 


2) 


p-Toluenesulphonamide 


CH 3 C 6 H 4 S0 2 :NH 2 


3) 


Sodium meta-henzene disulphonate 


C 6 H 4 (S0 3 Na) 2 


4) 


Sodium benzaldehyde-o-sulphonate 


C g H 4 (CH0)SO 5 Na 


5) 


Sodium naphthalene trisulphonate 


G 1oV S0 3 Na >3 


6) 


Benzene sulphonamide 


C 6 H 5* S0 2" HH 2 


7) 


Benzene di-eulphonimide 


0 6 H 4 (S0 2 ) 2 MH - 


8) 


Sodium vinyl sulphonate 


CH 2 = CH-SOjKTa 
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TABBE 7 (continued) 

9) Sodium allyl sulphonate CH 2 « CH-CH^SO^Na 

10) Sodium propyne sulphonate HC = C-CHg-SOjNa 

1 1 ) Sodium propynoxy ethane sulphonate EC S C-CH 2 -0-CH 2 -CH 2 -SO 3 Na 

The bath of the present invention may also comprise., in addition to the com- 
pound of the general formula I, one or more other primary brightening agents known 
in the art fox nickel electroplating, in order to further increase the brighteners and 
5 the smoothness or to affect other properties of the nickel electrodeposit. An additional 5 

primary brightener may be, for example, an acetylenic alcohol or a derivative thereof, 
an acetylenic amine, or an alkynoxy sulphonic acid: for example 2-butyne-l,4-diol, 
propargyhc alcohol, methylbutynol or their derivatives obtained by reaction with 
ethylene oxide, propylene oxide or epichlorohydrin. The concentration of additional 
10 primary brighteners is preferably from 0.05 to 1.0 g/1 and preferably the total concen- 10 

tration of primary brighteners in the bath, including those of the general formula L 
is from 0.06 to 1.05 g/1. 

The source of nickel ions in the bath is generally an aqueous solution of one or 
more nickel salts, for example the sulphate, chloride, sulphamate or fluoroborate. A 
13 buffering agent, for example boric acid, is preferably also present, as is an alkali metal 15 

chloride. The pH of the solution is preferably from 3.5 to 5.5. The bath may also 
contain a wetting agent, in order to prevent pitting of the nickel deposit. 
The following Examples illustrate the invention. 

20 



35 



40 



45 



1. 

Preparation of the compound No. 4 of Table 6: 20 
140 grams (1 mole) of the mono-acrylate of 2-butyne-l,4-diol, 778.5 grams of 
water and 111.5 grams (1 mole) of l-dimemylamino-propyne-2 hydrochloride are 
heated, with stirring, under reflux (100— 105°C) for 4 hours, die pH of the reaction 
mixture being maintained between 3.5 and 6.5. 
25 Th* solution obtained, which contains about 25% of the quaternary compound 25 

No. 4 of Table 6, may be used as a nickel electroplating brightener according to this 
invention. 0 



Example 2. 

Preparation of the compound No. 8 of Table 6: 
*j grams m °le) of the sodium salt of 3-chloro-2-hydroxy-propane sulphonic 

acid, 1006 grams of water, 20 grams of sodium hydroxide and 119.5 grams (1 mole) 
?i rTr^^^^f^ 0 ~ pTOpync ~ 2 h y droc W°ride are heated, with stirring, under reflux 
(100 — 105 C) for 4 hours. The solution obtained, which contains about 25% of the 
compound No. 8 of Table 6, may be used as a nickel electroplating brightener. 



30 



Example 3. 35 
A standard nickel bath of the following composition is made up: 

Nickel sulphate 320 g/1 
Nickel chloride 50 g/1 

Boric add 45 g/1 

pH 4.0—5.0 40 

To this basic nickel electroplating bath there are added brighteners and additives 
according to the following Examples. 

Example 4. 

To the bath of Example 3, there is added: ^ 

o^Benzoyl^lphimide (Na salt) 3.0 g/1 45 

Sodium naphthalene trisulphonate 2.0 g/1 

Compound No. 4 of Table 6 0.25 g/1 

Sodium lauryl sulphate 0.2 g/l 
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Very bright, uniform, ductile and levelled nickel deposits are obtained from this 
bath operating at 50— 65°C temperature, 1 to 5 A/dm 2 cathodic current density and 
under cathodic agitation. 

Example 5. 
To the bath of Example 3, there is added: 

o-Benzoyl sulphimide (Na salt) 2.0 g/1 

Sodium propyne sulphonate 0.2 g/1 

Compound No. 8 of Table 6 0.2 g/1 

Compound No. 9 of Table 6 0,1 g/1 

2-Butyne-l,4-diol 0;1 g/1 U 

Sodium lauryl ether sulphate 0.1 g/1 

Similar results in Example 4 are obtained. 

f^Vqu^^S^ckd electroplating bath which comprises a scnir^^ 
nickel ioS S dissolved therein, an effective amount of a bnghtener of the general 1 
formula 

_ t_ a, - k 4 j.r- (x> 



1 



Wbe R?is selected from the group consisting of methyl, ethyl and hydroxys^; 

£ 1 SSS f rom die group consisting of aikeayl, alkynyl, hydroxy-subsfctuted 

R 3 tnl^?e^ti£££££'' lower alkenylene, lower aKoxy- 
^lkeZ^eThydroxy-snbsBtuted lower alkylene, carboxy-snbstttuted lower 
^nf 2d hydroxy- and N-methyl-substrtated lower arnmoalkytoe; 
Rj is selected from the group consisting of a sulphomc radical (— bU 3 a 
carboxy radical 

(— C— o-) 



or an aliphatic carboxy-ester group 

( — C — O — Rj) 

Syt byXxJalkynyt haloailkyl, halohydroxyalkyl, halohydroxyalkynyl, 

hydroxyalfcoxyalkynyl or alkynyloxyalkyl; and 
X is selected from the group consisting of halogen and hydroxy wtaAep^Me 

charge on the nitrogen atom is not otherwise neutralized and X is absent 

wfaert said charge is neutralized by another substituent of die molecule. 
2. A bath as claimed in daim 1, wherein R 2 represents one of the groups listed 

m T $ ! VbaA^s claimed in claim 1, wherein R, represents one of the groups listed 

fa ™A 2 b«h^ claimed in claim 1, wherein R. represents one of the groups listed 

in T * bl A 3 fc i ^ m g daimed in claim 1, which comprises at least one of the compounds 
erf the general Formula I listed in Table 6 herein. 

e^Atedi as claimed in any one of claims 1 to 5, wherein die total concentration 
of. the one or more compounds of the general formula I is m the range of from 0.01 
to 3.0 g/1 of bath. 
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7. A bath as claimed in claim 6, wherein the said concentration is in the range of 
from 0.05 to 1.5 g/1 of bath. 

8. A bath as claimed in any one of claims 1 to 7, which also comprises at least 
one secondary brightener. 

5 3' ^ batih aS claimed in clalm S > wherein the secondary brightener is o-benzoyl- 5 

sailphimide, an arylsulphonate, an arylsulphonamide or an unsaturated aliphatic 
sulphonic add. r 

10. A bath as claimed in claim 9 5 wherein the secondary brightener is one of the 
compounds listed in Table 7 herein. 

11. A bath as claimed in any one of claims 8 to 10, wherein the total concentration 10 
of the one or more secondary brighteners is -in the range of from 1.0 to 10.0 g/1 of bath. 

12. A bath as claimed in any one of claims 1 to 11, which also comprises at least 
one other primary brightener known in the art. 

13. A bath as claimed in claim 12, wherein the other primary brightener is an 
add ° r 3 derivative acetylenic amine, or an" alkynoxy sulphonic 15 

14. A hath as claimed in claim 13, wherein the other primary brightener is 2- 
^tyne-l,4-dlol ; propargylic alcohol, methylbutynol, or the reaction product of one 

iT * lc £ hols Wlth Xylene oxide, propylene oxide or epichlorohydrin. 

4 . 15 ' A bath as claimed in any one of claims 12 to 14, wherein the total concen- 70 

tration of the other primary brighteners is in the range of from 0.05 to 1.0 g/1 of bath 

16. A bath as claimed to any one of claims 1 to 15, wherein the source of nickel 
10ns is nickel sulphate, nickel chloride, nickel sulphamate or nickel fluoroborate, or a 
mixture of two or more of these salts. 

17. A bath as claimed in claim 1, substantially as described in either Example 4 25 
or Example 5 herem. 

18. A method of electroplating an article with nickel, which comprises using a 
bath a5 daimed m any one of claims 1 to 17, wherein the article to be electroplated 
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